Abstract-This paper compares the performance of a blind relay communication system with that of a non-blind relay communication system. For a blind system, a differential spacetime block code (DSTBC) or a blind Viterbi detection is used, and for a non-blind system, a space-time block code (STBC) is used. Also, this paper takes another blind detection mechanism, the Zhang's code, and compares its performance with that of the blind Viterbi detection under a Jakes' fading environment. It was found that the case of a relay closer to the source shows better performance than the case of a relay closer to the destination. It was also observed that the blind Viterbi decoder shows better performance than the Zhang's code under the Jakes' fading environment.
INTRODUCTION
typical amplify-and-forward (AF) relay network consists of a source, a relay, and a destination, A source transmits its message to both the relay and the destination during the first slot time interval. And the relay amplifies its received signal and transmits it to the destination during the second slot time interval. The destination combines the signals received from both the source and the relay during the first and second slot time intervals, respectively.
A typical decode-and-forward (DF) relay network decodes the information at the relay, and re-encodes and transmits it to the destination during the second slot time interval. There are many variations. Refer to [1] .
For coherent detection, the channel coefficients are known to the relay and the destination. For example, the space-time block code (STBC) requires the channel coefficient information for detection. On the other hand, for noncoherent detection, the channel coefficients are not required at the relay and the destination. Hence, the complexity can be lower. For example, the differential space-time block code (DSTBC) in [2] , the blind Viterbi detection in [3] , and the blind detection in [4] do not require channel coefficient information. This paper takes those noncoherent blind detection schemes and applies them to both AF and DF relay networks. Bit error rate and symbol error rate of these blind detection relay networks will be presented for comparison.
II. REVIEW OF CONHERENT AND NONCOHERENT SCHEMES

A.
Blind Viterbi as Decoder In this paper, we consider the system with two transmit antennas and one receive antenna in [5] . Modulation set is given as
where M =2 , √−1 = j, b = the number of bits per symbol, and the division with √2 is for the normalized power shared by two transmit antennas. In our paper, we use BPSK. We use the same encoder of DSTBC for the blind Viterbi detection [3] . Hence, each block consists of two symbol intervals, and we will receive two blocks of signals as follows:
where ‫ݎ‬ ௧ , t = 1,2 indicates the received signals at the t-th symbol time; ‫ݏ‬ , ℎ , i = 1,2, are the information and fading coefficients from the i-th transmitter to the receiver, receptively; and ݊ , i = 1,2, are the complex Guassian noise random variables. Because the complex vectors ‫ݏ(‬ ଵ ‫ݏ‬ ଶ ) and ‫ݏ−(‬ ଶ * , ‫ݏ‬ ଵ * ) are orthogonal to each other and have unit lengths, another twodimensional vector at time t, ( ‫ݏ‬ ௧ ‫ݏ‬ ௧ାଵ ) can be uniquely represented in the orthonormal basis given by these vectors. We denote the orthonormal basis as
where ‫ܦ‬ is the B-th block orthonormal basis. Therefore, (3) is in the first block. Then, ‫ݏ(‬ ଷ , ‫ݏ‬ ସ ) can be uniquely represented by using
where * indicates the conjugate transpose. At the decoder, the receiver will calculate ℛ ෨ ௧ = (ℛ ෨ ௧ ଵ , ℛ ෨ ௧ ଶ ) as follows: According to the paper in [3] , The branch metric, ܻ , , between state i to j is calculated as
In the quadrature phase-shift keying (QPSK) or higher modulation case, this scheme brings 1 to 1.5 dB better than DSTBC, because the size of V is larger than the input information block set, which means that redundancy is introduced by the encoder. V is coefficient vector set, this can be treat as (6) without noise. (7) is also defined as in ܸ ோ in [3] .
B.
Zhang's Code The encoder in [4] is the same as the DSTBC in [2] . The difference is that the first block uses a p-ary phase-shift keying (PSK) constellation, the second block uses a q-ary PSK constellation, and p, q are coprime. Therefore, at the receiver antenna, the received signals during the four consecutive symbol time slots of the first and second block, ܼ ଵ and ܼ ଶ , respectively, can be written in a matrix form as
where x and y are p-PSK modulation and q-PSK modulation symbols, respectively. Let S denote the symbol block matrix,
for a single block. In part of the decoder, the original symbol block matrix S is estimated by extending to L an even number of blocks as
where A is the set of alphabets,
L is the number of blocks, P = ( ‖ࢠ ത‖ ଶ ଶ +1)I2L -ࢠ ത ு ࢠ ത , and
The simulation result from the paper in [4] shows that the greater number of blocks for the Zhang's code shows better performance. In the next section, it will be shown that if the Zhang's code uses four blocks, the performance is worse than the DSTBC.
III.
SYSTEM MODEL For this paper, we focus on a two-user cooperation scheme, that is, when the source (or user 1) sends information to the relay (or user 2) in time-slot 1, and the destination also receives the information. Then, the relay helps the source to forward the information in time-slot 2, and the source also sends new information to its destination. This paper considers a simple triangle single-relay system, as shown in Fig.1 The channel coefficients are denoted by ℎ ௦ , ℎ ௗ , and ℎ ௦ௗ for the link from the source-to-relay, the relay-to-destination, and the source-to-destination, respectively. The distance between those nodes are the same. 
A. Blind/Nonblind Detection Schemes Combined with DF Protocol
A.1 Combined with STBC, DSTBC, and Blind Viterbi Decoder
For the STBC, to encode the first block symbol during two symbol intervals, it is necessary to feed the first block information to the encoder. We denote the first symbol fed to encode is ܵ ଵ and the second symbol is ܵ ଶ . The received signals at the relay during the t-th symbol time are denoted by ܻ ௦௧ . Also ܻ ௦ௗ௧ denotes the received signal at the destination during the t-th symbol time, and ݊ ௦௧ and ݊ ௗ௧ denote the zero-mean AWGN noises corresponding to the links. When DF is used at the single relay, it takes four symbol times. At the first symbol time, the source sends ܵ ଵ to the relay and the relay receives the information; then it decodes and re-encodes it. Hence, the received symbols at the relay during the first symbol time can be written as
After ܵ ଵ has been decoded and re-encoded, it will have the estimated symbol, ܵ ሚ ଵ . At the second symbol time, the relay forwards ܵ ሚ ଵ to the destination, and the source sends ܵ ଶ to its destination simultaneously. Hence, the received symbol at the destination during the second symbol time can be written as
During the third symbol time, the source sends (−ܵ ଶ * ) to the relay, and the relay receives information and decodes and then re-encodes it. The received symbol during the third symbol time at the relay can be written as
Again, after (−ܵ ଶ * ) has been decoded and re-encoded, it will have the estimated symbol -ܵ ሚ ଶ * . For the last symbol time, i.e., the fourth symbol time, the relay forwards ܵ ሚ ଶ * to the destination, and the source sends ܵ ଵ * to the destination simultaneously. The received symbols at the destination during the fourth symbol time can be written as
Hence, after four symbol times, a whole block will be sent by this relay system. It can be assumed that the fading coefficients do not change during the four symbol times.
Bit error rate or symbol error rate performance of this scheme will be simulated in section IV.
This procedure is summarized in Table 1 . Blind Viterbi and DSTBC need two block symbols and take four symbol times to decode one block. This can be done by applying the above STBC preprocessing but for eight symbol times. Performance of those schemes will be also shown in Section IV.
A.2 Parallel Relay Case
In this section, we describe the location of relay considered in the paper. The source, relay, and destination are parallel with each other. We call the distance between source and relay as ‫ܦ‬ ୱ୰ and the distance between the relay and destination as ‫ܦ‬ ୰ୢ . Figure 2 shows the parallel relay case. Performance of this scheme will be also presented in Section IV. 
B. Blind/Nonblind Detection Schemes Combined with AF Protocol
B.1 Combined with STBC, DSTBC, and Blind Viterbi Decoder
The only difference compared with the DF protocol is that the AF relay will amplify the signal received from the source and forward it to the destination without decoding and reencoding as in the DF protocol.
Again, the entire procedure takes four symbol times for this case. During the first symbol time, the source sends ܵ ଵ to the relay, and the relay receives the signal. The received signal at the relay can be expressed as
During the second symbol time, the relay amplifies ܻ ௦ଵ and forwards it to the destination. Meanwhile, the source sends ܵ ଶ to the destination simultaneously. The received signal at the destination can be written as
where b is the amplification coefficient and satisfies the power constraint, that is,
and P is the relay power. Again, the noise terms are modeled as the zero-mean complex Guassian random variables with variance N0/2 per dimension.
During the third symbol time, the source sends (−ܵ ଶ * ) to the relay, and the relay receives this signal. The received signal at the relay can be written as
During the fourth symbol time, the relay amplifies ܻ ௦ଷ and forwards it to the destination, and the source sends ܵ ଵ * to the relay simultaneously. The combined signal at the destination is
After four symbol times, the entire two blocks will be completely sent. Again, we assume that the fading coefficients are not changing during the four symbol times. Section IV will present bit error rate or symbol error rate performance of this scheme.
Again, Table 2 summarizes the procedure. For the DSTBC and blind Viterbi case, this procedure will be repeated as in Section II. However, we will see that those blind detection schemes perform poorly for the AF protocol. This is because one more fading coefficient has been introduced to the destination. The orthogonal decoding structure is destroyed. Section IV will present bit error rate or symbol error rate performance of the scheme.
C. Zhang's Code and Blind Viterbi Decoder under Jakes' Fading
Jakes' fading is a Rayleigh fading associated with the Doppler spectrum. The Doppler effect is the change in frequency of a wave for an observer moving relative to the source of the wave. This means that in the Jakes' fading, the channel coefficients vary based on the speed and directions of the mobile with respect to the base station.
According to [6] , fading coefficients under Jakes' fading, the channel coefficient ‫,)ݐ(ݕ‬ is generated as
where ‫ݔ‬ 
IV. SIMULATION RESULTS
In this section, we show the performance of the relay system combined with the STBC coherent detection scheme, and blind detection schemes, i.e., DSTBC, the Viterbi Blind, and Zhang's code. Also, the performance of the different relay locations is presented. All simulation results were obtained using 1,000,000 bits, and 200 symbols per frame. During those 200 symbols, the fading coefficients, ℎ ௦ௗ , ℎ ௗ , and ℎ ௦ , are assumed to be constant. The BPSK or QPSK modulations are considered. We also assume that the distance (Dsd) between the source and the destination is normalized to 1. And the transmitted signal has unit energy. Fig. 3 . BER performance of single relay system with DF protocol when coherent STBC detection is used. Fig. 4 . BER performance of single relay system with DF protocol when noncoherent DSTBC detection is used. Fig. 5 . BER performance of single relay system with DF protocol when noncoherent blind Viterbi decoder is used. Figures 3, 4 , and 5 show that regardless of using coherent or non-coherent detection schemes, when the relay is closer to the source, better performance is achieved for the parallel relay, as shown in Fig. 2 . If the relay is getting closer to the destination, the performance will be getting close to performance of the simple triangle relay shown in Fig. 1 Fig. 6 . BER performance of single relay system with AF protocol when STBC, DSTBC. And blind Viterbi decoder are used. Fig. 6 shows that when noncoherent detection schemes are combined with an AF single relay, performance becomes unacceptable. This is because the orthogonality is destroyed. Fig. 7 . SER performance of Zhang's code and blind Viterbi decoder under Jakes' fading case. Fig. 7 shows that the SER when the Doppler rate symbol time product fdTs = 0.01. It is observed that the Zhang's code is worse than the blind Viterbi decoder where a four-block length is used. We assume that the fading coefficients are not changing during the four blocks, and the Zhang's code uses the 3PSK and QPSK for its encoder. Also, note that in the case of the QPSK blind Viterbi decoder, performance is better than the BPSK. This is due to the redundancy introduced in the coefficient vector set V.
A. DF Relay Combined with STBC
B. DF Relay Combined with DSTBC
C. DF Relay Combined with Blind Viterbi Decoder
D. Single AF Relay
E. BER Performance of Zhang's Code and Blind Viterbi
V. CONCLUSIONS
Simulation results show that the blind detection schemes are not working with the amplify-and-forward relay protocol. This is because one more fading coefficient has been introduced to the decoder, thus destroying orthogonality. We also observe that the estimation equations at the decoder for the DSTBC and the blind Viterbi decoder contain two fading coefficients. This means that introducing one more fading coefficient will destroy the orthogonal decoding structure. However, it is observed that the blind detection schemes with the DF protocol perform well. The reason for this is because estimation can be performed at the relay, thus preserving orthogonality. In addition, we notice that in the case of the parallel relay, the relay closer to the source shows better performance.
For the Zhang's code and the blind Viterbi decoder under Jakes fading, assuming that the Zhang's code uses four blocks as the blind Viterbi decoder, it is observed that the Zhang's code is 1 dB worse than the BPSK blind Viterbi decoder and 4-4.5 dB worse than the QPSK blind Viterbi decoder. This is because redundancy is introduced by the encoder in order for the QPSK or higher modulation to be effective.
